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 This research was undertaken to determine the amount 
of time between transgressive and regressive sequences.  
One of the methods used to determine the amount of missing 
time in an unconformity is the 87Sr / 86Sr ratio. 
The 87Sr / 86Sr ratio will be high around brackish and 
freshwater environments while it will be lower in open 
marine conditions. Limestones and their constituent parts 
are susceptible to diagenetic processes that can 
contaminate or obliterate isotope values contained within 
the rocks.  The purpose of this research was to discover if 
reliable isotope information could be pulled from 
Pennsylvanian aged shark teeth. 
Nine teeth from the shark, Petalodus ohioensis, were 
analyzed to find the value of the 87Sr / 86Sr ratio contained 
within the teeth.  The values of the ratio from the teeth 
 iii
were found to be much higher than what was expected.  
Contamination was thought to be the cause behind the high 
ratio values.  From the literature, P. ohioensis was 
thought to be an open marine dwelling shark.  The remains 
of P. ohioensis have been found in rocks interpreted to be 
of marine origin. 
The high values found in teeth were similar to the 
values found in brackish and freshwater environments.  The 
limestones the teeth were found in, however, showed a 87Sr / 
86Sr ratio that matched open marine conditions.  The Calcite 
in the limestones is more susceptible to alteration than 
the Apatite that composes the teeth.  So contamination of 
the ratio in the teeth does not appear to be the cause of 
the higher than expected values.  If the limestones had not 
been altered then the teeth should have not been altered. 
Research was then conducted into shark evolutionary 
history to see if the high values could be explained by 
brackish / freshwater tolerant sharks.  If P. ohioensis 
lived in these conditions rather than open ocean, it would 
explain the values found in its teeth.  This researcher 
found that several modern species of shark could tolerate 
freshwater habitats and that some of the ancestors of these 
sharks were freshwater dwelling as well.  It was then found 
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that P. ohioensis was related to the lineage of sharks that 
also contained the brackish / freshwater tolerant sharks. 
The conclusions reached by this research indicate that 
the literature has the habitat of P. ohioensis wrong and 
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 When Henri Becquerel discovered radioactivity in 1895, 
he could not have known the impact his discovery would have 
on the fields of science.  His ideas led to the discovery 
of isotopes in 1914 by T.W. Richards (Faure, 1986).  
Isotopes, both stable and unstable, have been a tremendous 
boon to geologists.  Radioactive isotopes and their decay 
rates have enabled geologists to obtain absolute dates 
without which the modern time scale would not exist (Faure, 
1986).  Geologists have used stable isotopes in determining 
paleo-temperatures of the oceans, paleo-climate 
reconstruction, and as a stratigraphic correlation tool.  
This research will use stable isotopes to test the 
hypothesis that unaltered isotopic information can be 
obtained from Pennsylvanian-aged chondrichthian teeth. 
 Isotopes of elements such as Strontium, Calcium, 
Oxygen, and others seems to play a role in or are 
influenced by the production of calcium carbonate (Faure, 
1986).  The isotope levels of seawater at anytime are 
recorded in chemical sediments deposited at that time.  The 
isotope levels are also recorded in the hard part of marine 
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organisms.  The shelled invertebrates incorporate the 
isotope levels of seawater when growing their shells.  In a 
similar fashion, marine vertebrates retain the isotope 
levels in their bones and teeth.  These levels are 
continuously recorded as the organisms grow new hard parts 
throughout their lifetime.  As a consequence, these hard 
parts become valuable for understanding the history of 
isotope concentrations in the oceans.  Unfortunately, 
outside factors such as recrystallization and replacement 
can influence the ratio of the isotopes, which in turn 
leads to contaminated measurements and corrupted data. 
 Shark teeth are a common component of sediments 
deposited in epeiric seaways (Becker et al., 1999).  This 
author and others have chosen shark teeth because of the 
frequent occurrence of shark teeth in the fossil record.  
One shark, during the course of its lifetime, can lose over 
30,000 teeth (Martin, 2006).  This, of course, makes 
finding specimens for research very convenient. 
Sharks’ teeth from the Late Cretaceous have yielded 
reliable isotope data (Becker et al., 1999).  Becker et al. 
examined numerous shark teeth deposited in transgressive 
lag deposits in an attempt to determine the duration of 
transgressive and regressive sequences. 
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 The shark teeth were deposited between the time when 
regression began and the following transgression.  As the 
transgression started, the teeth were reworked into the lag 
deposit.  By analyzing the ages of the teeth within the 
deposit, a reliable estimate of the amount of time for the 
unconformity was obtained. 
 This thesis’ purpose is to determine whether or not 
unaltered isotopic information can be obtained from 
Pennsylvanian-age shark teeth.  If so, it will then be 
possible to employ Becker’s (1999) methods for much older 





















 The specimens used in this thesis come from the Ames 
Limestone, which is a member of the Glenshaw Formation of 
the Conemaugh Group.  A brief discussion of the geology of 
this group is important to placing the specimens in a 
paleo-environment to allow for the comparison to modern 
environments. 
 The Conemaugh Group is found in Kentucky, Ohio, 
Pennsylvania, Maryland, and West Virginia (Merrill, 1993).  
Figure II.1 shows the location of the Conemaugh Group in 
Ohio.  The formation ranges from 16 to 32 kilometers wide 
and the thickness from 106.5 and 150 meters (Merrill, 
1993).  The Conemaugh is one of the four groups that make 
up the Pennsylvanian-age rocks in Ohio.  Figure II.2 shows 
the lithostratigraphic section of the Pennsylvanian age 
rocks in Ohio.  The sediment that makes up the Conemaugh 
Group was deposited in the Appalachian Basin.  This basin 
was bounded in the east by the Appalachian Mountains and in 
the west by the Cincinnati Arch, Findlay Arch, and the 
Indiana-Ohio Platform (Coogan, 1996) (Figure II.3).   
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Figure II.1: Map of Ohio showing location of the Conemaugh 








Figure II.2: Lithostratigraphic section of the Late      





Figure II.3: Regional geologic structures of Ohio and 
adjacent states (Coogan, 1996, figure 3-4.) 
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A distinguishing feature of the Conemaugh Group is a 
series of marine beds in the lower half (Merrill, 1993).  
The top of these marine beds is used to separate the 
Conemaugh into the lower Glenshaw Formation, which contains 
the marine beds, and the upper Cassleman Formation 
(Merrill, 1993). 
The Glenshaw Formation contains four thin marine 
units.  These units represent short-lived transgressions 
into a clastic dominated basin (Saltsman, 1986).  The Ames 
Limestone is the uppermost of these marine beds, which 
represents the last of the transgressions into the area 
(Saltsman, 1986). The Ames Limestone is a stratigraphic key 
because it is easily recognizable (Merrill, 1993.)  The 
Ames is gray or greenish-gray and usually in a single bed.  
Non-weathered surfaces show a granular texture containing 
minute glauconite grains and abundant crinoids (Condit, 
1914).  The Ames Limestone in Ohio represents the 
westernmost occurrence of this unit.  It consists of a 
single limestone bed approximately 50 cm thick (Saltsman, 
1986).  To the east and south it thickens to 120-200 cm and 
has an increasing number of shale beds (Merrill, 1993).  
Figure II.4 shows the location of the Conemaugh rocks as 
well as the inferred shoreline during the Ames deposition.  
The Ames Limestone was deposited during the Late Virgilian 
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stage, approximately 297-290 million years ago (Merrill, 
1974). 
Interpretation of the depositional environment for the 
Ames Limestone has gone through many iterations including 
Condit (1914), Saltsman (1986), and Merrill (1974, 1993).  
Condit (1914) simply states that the Ames represents the 
last transgression of the sea into the area.  Saltsman 
(1986) divides the Ames into 12 lithofacies starting with 
near shore sand deposits followed by swamp, carbonate 
lagoon, clastic lagoon, tidal deposits, and shelf with the 
end of the Ames representing the progradation of the delta.  
This paper will follow the conclusions of Merrill (1993), 
because it is the most recent on the Ames and he builds on 
Saltsman’s (1986) ideas. 
 Merrill’s idea is that the Ames Limestone near 
Huntington, West Virginia represents nearshore deposits 
along a clastic-dominated shoreline.  The nearshore 
environment shifts to brackish water lagoons at the height 
of each transgressive sequence.  North and northwest of the 
shoreline, the Ames Limestone was deposited in an offshore, 
open, marine environment. 
 Merrill (1993) divides the nearshore portion of the 
Ames into four environments based on rock types.  The 
oldest is a Green Chonetid Shale that indicates a quiet 
 9
lagoon environment as the Ames transgression begins to 
flood the coal swamp.  Next is an Olive Silty Shale that 
also represents a lagoonal setting but the coarser material 
represents the influx of more terrigenous sediment.  Above 
this is a Red Platy Shale.  This shale represents an inter-
tidal area on the lee side of a barrier island.  The last 
layer is a Calcareous Crinoidal Sandstone.  Merrill (1993) 
has interpreted this to represent a barrier island but one 
that is less than 5 m thick but quite extensive.  His 
estimates place the dimensions of the barrier at 6 x 12+ 
km.  This sandstone also contains cross-bedding, shell 
placers, crinoids, and bryozoans.  All this attests to a 
more or less consistent, relatively high energy currents 
plus moderate waves.  This barrier is what formed the 
lagoon where the Green Chonetid Shale and Red Platy Shale 
were deposited. 
 Merrill (1993) states that the offshore environment 
was dominated by the deposition of limestones and limy 
shales.  The limestone is thinly bedded indicating varying 
conditions with the shale layers indicating periodic influx 
of terrigenous sediment. 
 10
 
Figure II.4: Map showing the outcrop area of Conemaugh 











The Role of Strontium 
 Strontium (Sr) is one of the most important minor 
elements in seawater (Veizer and Demovic, 1974).  Sr has 
four stable isotopes 84Sr, 86Sr, 87Sr, and 88Sr (Veizer, 
1989).  This paper deals with the ratio of 87Sr to 86Sr.  
This ratio is often expressed as the decimal equivalent of 
87Sr/86Sr.  For example, the average ratio of 87Sr/86Sr in 
modern seawater is 0.709211 (Veizer, 1989).  The type of 
research described here is based on the following two 
assumptions; 1) at any given time, seawater contains well-
mixed Sr isotopes and 2) marine carbonate, sulfate, and 
phosphate samples will record the seawater 87Sr/86Sr ratio at 
the time of formation (Azmy et al., 1999).  Modern seawater 
contains perfectly mixed 87Sr/86Sr and thus, relying on the 
principle of uniformitarianism, it can be assumed that 
ancient seawater must have been isotopically mixed as well.  
Uniformity of the isotopic ratios at any given time is 
expected because the residence time of Sr in seawater is 
~106 years and the mixing rate of the oceans is ~103 years 
(Fauer, 1986).  Two important points of discussion are 
where the Sr comes from and how it gets into the seawater. 
 The earth’s Sr-isotope evolution must have started at 
the time of its formation.  The initial Sr ratio of the 
earth was similar to chondrite meteorites, which yield an 
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approximate value of 0.699 (Veizer, 1989).  86Sr exists in 
abundance in the mantle.  87Sr is the daughter product of 
Rubidium (Rb) 87.  Rb and its daughter product are 
concentrated in the continental crust.  This concentration 
occurred during the formation of continental crust.  
Continental crust forms by fractional crystallization.  
This process resulted in melts that were enriched in Sr. 
The present mantle is deficient in 87Sr, having a ratio of 
around 0.709, whereas the continental crust is enriched in 
87Sr with numbers greater than 0.710 (Veizer, 1989).   
The dominant factors causing change in seawater 
isotopic ratios are believed to be (1) continental runoff 
and groundwater runout, and (2) seawater-oceanic crust 
interaction, particularly hydrothermal rift-related 
activities, supplying less-radiogenic strontium (Azmy et 
al., 1999).   
Continental runoff and groundwater runout supply 87Sr 
to the oceans from the igneous and metamorphic rocks of the 
PreCambrian shields.  Groundwater run out has been 
estimated to contribute only about 5% of the continental 
contribution but the 87Sr concentration of groundwater can 
be in the parts per million, exerting a disproportional 
influence on the 87Sr/86Sr ratio of seawater (Veizer, 1989).   
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As mentioned earlier, 86Sr is derived from the mantle.  
According to Faure (1986) any fluid or rock that has its 
origin from mantle material will contain 86Sr.  86Sr is 
introduced to seawater along the mid-ocean ridges and from 
volcanic eruptions (Faure, 1986).  Along the mid-ocean 
ridges, 86Sr is dissolved in the water being released from 
the vents (black smokers).  86Sr from continental eruptions 
is mixed with the continental runoff and makes its way to 
the oceans within that medium (Faure, 1986).   
Figure II.5 (Denison et al, 1994) shows how the 87Sr / 
86Sr ratio in carbonates has fluctuated with time.  The 
variations in the ratio are created in two ways; 1) by 
increasing the amount 87Sr being supplied to the oceans and 
















Figure II.5: 87Sr / 86Sr fluctuation during the Phanerozoic 














 The easiest way to increase the 87Sr/86Sr ratio in 
seawater is during orogenic events.  The process of 
mountain building raises large volumes of continental crust 
above sea level.  This subjects the newly risen mountains 
to the processes of weathering and erosion, releasing Sr 
with elevated 87Sr/86Sr ratios, which travels in streams to 
the oceans.  The addition of this strontium will result in 
above average values of 87Sr/86Sr at river mouths. The waters 
where the Amazon River enters the Atlantic have a ratio of 
0.7109 (Veizer, 1989).  The Himalayan River system sees a 
ratio value of 0.7183 (Veizer, 1989).  On the other hand, 
periods of basaltic volcanism and increased spreading rates 
along mid-ocean ridges will input more mantle-derived 
strontium, with its lower 87Sr/86Sr ratio to seawater.  This 
results in low values, around 0.7030, for the ratio in the 
middle of the ocean.  While the 87Sr/86Sr ratio is considered 
to be perfectly mixed, it is an average of the oceans’ 
value.  This average is calculated from higher values near-
shore and lower values in the open ocean.  The closer you 






Teeth and Resistance to Alteration 
 The composition of the enamel of teeth makes them very 
resistant to post-burial isotopic contamination due to 
diagenesis (Glimcher et al, 1990).  This means that the 
chance for having uncorrupted data is optimal.  The enamel 
is composed of Apatite.  Apatite is virtually insoluble in 
water: the solubility product is 2 x 10-33 (Faure, 1986), 24 
orders of magnitude less than that of calcite which is 5 x 
10-9 (Faure, 1986). 
 This would imply that teeth preserved in a limestone 
would be very resistant to the diagenetic processes that 
usually affect limestone and thus the enamel of the tooth 













Sharks: Their History and their Teeth 
 The earliest shark fossils are found in the Upper 
Silurian of Central Asia (Carroll, 1988).  It was during 
the Devonian that sharks became abundant and diversified.  
By the end of the Devonian, there were seven orders of 
sharks (Carroll, 1988).  These seven orders were contained 
in two sub-classes, the Elasmobranchii and the Holocephali.  
These two sub-classes differ in body form and dentition, 
but similarities in the calcification of the cartilaginous 
skeleton and the reproductive specializations suggest that 
they share a common ancestry (Carroll, 1988).  All modern 
sharks belong to these two sub-classes with the 
Elasmobranchii being the most abundant. 
 Most Paleozoic sharks resemble common living genera 
such as the dogfish.  Figure II.6 shows the common body 
plans of the Paleozoic sharks.  “The body is streamlined 
and fusiform, with the mouth nearly terminal.  There may be 
one or two dorsal fins.  The anal fin is absent.  The 
paired fins are fully developed and, usually, broadly 
triangular” (Carroll, 1988).  This body plan implies from 
the beginning sharks were active swimmers and quickly 





Figure II.6: Paleozoic shark body plans (Carroll, 1988).  
(a) Cladoselache.  (b) Denaea.  (c) Fadenia.   










 The Elasmobranchs have undergone two adaptive 
radiations.  The first began in the Late Silurian and Early 
Devonian, resulting in sharks that broadly resembled modern 
genera but had a more primitive skeleton (Carroll, 1988).  
The second radiation began in the Jurassic and all modern 
sharks developed from an order called the Ctenacanthida.  
Figure II.7 shows the Phylogenetic Tree of both shark 
groups. 
 The earliest fossils of sharks have been found in 
rocks that have been interpreted as being marine in origin.  
For the most part, sharks have remained marine organisms.  
In the Devonian, the Xenacanthiformes became fresh water 
dwelling sharks.  In the Jurassic, the Hybodontiformes 
replaced the Xenacanths as the group of freshwater tolerant 
sharks.  These two orders branched off and are closely 
related to the Ctenacanths.  Forty-three species of modern 
sharks, the descendants of the Ctenacanths, in ten genera 
and four families are found in fresh water far beyond tidal 
influences in rivers and estuaries and an additional 48 
species penetrate fresh water but are not found far from 
the sea (Compagno and Cook, 1995a).    
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Figure II.7: Phylogenetic Tree of Sharks (Carroll, 1988). 
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Many of these species move into brackish waters to lay 
their eggs and seem to spend at least some of their life 
cycle as freshwater organisms.  As an example, the Bull 
Shark has been recorded as far as 2,600 miles upriver from 
the mouth of the Amazon. 
 According to Martin (2006), the species of shark that 
can tolerate fresh water have evolved a unique method of 
dealing with the changes in salinity when moving from salt 
water to fresh water.  The concentration of salt in the 
oceans is usually about 3 to 4%.  The tissue of most fish 
living in the ocean has a much lower salinity.  This 
results in the fish’s body having more fresh water in it 
than the ocean.  This causes water in the fish’s body to 
diffuse from the fish into the ocean in order to reach 
salinity equilibrium.  As a result a fish must constantly 
ingest water from the sea to replace the water lost through 
its skin.  The excess salt in the water is removed by salt-
secreting structures in the gills called “chloride cells”. 
 Sharks, however, have adopted a different strategy to 
deal with the salinity issue.  Instead of their bodies 
being less salty than the ocean, a shark’s body has a 
higher salinity than the ocean.  They generate this higher 
salinity by storing certain metabolic wastes such as urea 
and trimethylamine oxide (TMAO).  This causes water to flow 
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into a shark rather than the shark losing water to the 
ocean.  There are limits to this strategy, which is why 
most sharks will not go into fresh water.  If their high 
salinity tissue were to encounter fresh water, so much 
water would infuse into their bodies that the kidneys would 
have to work overtime to remove the excess water.  This 
would be a very energy consuming process.  However, the 
sharks that can tolerate fresh water have the ability to 
lose the excess urea and TMAO so when they do go into fresh 
water their salinity is greatly reduced. 
 Since shark teeth are the main focus of this thesis, a 
discussion on the structure and development of the teeth is 
required. 
 A shark’s teeth begin to develop in the last two weeks 
of the gestation period (Martin, 2006).  The teeth form 
along an infolding of the epithelium of the mouth’s mucous 
membrane, called the dental lamina (Carroll, 1988).  The 
teeth develop on the medial surface of the jaw and rotate 
into a more lateral position as they mature (Carroll, 
1988).  This occurs throughout the shark’s lifetime since 




The teeth of sharks are derived from scales that have 
become elaborated along the margins of the jaws (Carroll, 
1988).  The teeth are attached by connective tissue rather 
than seated in sockets in the jaw. 
 The structure of a tooth is composed of two calcified 
tissue types, dentine and enamoloid.  Dentine is composed 
of orthodentine and osteodentine, which compose the pulp 
cavity and root structure (Glimcher et al, 1990).  
Enamoloid surrounds the pulp cavity and coats the outer 
surface to the tooth crown.  The portions of the tooth that 
are non-mineralized contain the canals and tubules that 
allow for the nourishment of the tooth.  Thin sections of 
both modern and fossil shark teeth show that the least 
porous and least permeable tissue is on the outer edge of 













 The teeth used in this thesis come from an order of 
sharks called the Petalodontids.  There are 17 known genera 
ranging from the Lower Carboniferous through the Permian.  
The Petalodontids are the most abundant order in the 
Pennsylvanian marine rocks of Ohio (Hansen, 1996).  
Petalodont teeth are some of the most distinctive 
Carboniferous chondrichthyan tooth types and form a 
ubiquitous part of many Pennsylvanian marine faunas (Elliot 
et al., 2004).  Petalodont teeth are characterized by 
elongate, compressed crowns that have a long tooth base or 
root (Hansen, 1996)(Figure III.1). 
 The place the Petalodonts occupy in the shark family 
is in debate.  The Petalodonts are usually classified with 
the Holocephalians (Carroll, 1988).  However in the same 
section, Carroll also states that the “gills are well 
behind the neurocranium, indicating affinities with 
Elasmobranchs rather than Holocephalians.” In the Fossils 
of Ohio, Hansen (1996) has the Petalodonts as an order 
within the sub-class, Elasmobranchii.  Elliot et al. 
(2004), also places the Petalodonts as an order within the 
Elasmobranchii.  Since there is more support for the 
Petalodonts belonging to the Elasmobranchs than the 
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Holocephalians, this author feels justified to treat the 
Petalodonts as belonging to the Elasmobranchs. 
 The specific Petalodont used in this thesis is 
Petalodus ohioensis. The first specimen identified was 
found near Cambridge, Ohio by Safford (1853) but since 
then, P. ohioensis has been found in Colorado, New Mexico, 
Italy, and Slovenia.  P. ohioensis has a large occlusal 
surface and shearing ridges on the lingual side of the 
tooth suggesting adaptations for biting and shearing soft 
tissue (Elliot et al., 2004).  But Hansen and Mapes (1990) 
described a cephalopod that had a bite that fits the 
dentition of P. ohioensis.  Reconstructions of P. ohioensis 
by Carroll (1988) and Hansen and Mapes (1990) show a shark-
like morphology.  Of the 17 known genera of Petalodontids, 
roughly half are interpreted to possess the shark-like 
morphology while the others have a skate-like morphology. 
 The original P. ohioensis specimens, as well as others 
from around the world, were found in limestones interpreted 
to represent open marine. Carroll (1988) and Hansen and 
Mapes (1990) state that the limestones P. ohioensis has 
been found in represent open marine.  Elliot (2004) 
identified P. ohioensis and other Petalodonts in the Naco 
Formation of Arizona that were found in rocks interprerted 
to be open marine in nature but showed evidence of being 
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transported from near shore environments.  All the 
verterbrate specimans from the Naco Formation show high 
degrees of abrasion.  The associated inverterbrate fossils 
show no abrasion at all.  Elliot’s conclusion is that the 
verterbrates may have been transported in by storm events 





III. Methodology and Data 
Methodology 
The nine Petalodus ohioensis teeth used in this study 
were donated by Dr. Mike Hanson of the Ohio Geological 
Survey.  The teeth came from his collection at the Orton 
Museum of Natural History at Ohio State University. 
The teeth were assigned numbers and then mailed to Dr. 
Dieter Buhl of the Ruhr-Universität Bochum in Bochum, 
Germany.  Dr. Buhl conducted the Sr analysis of the teeth 
using the following procedure.  The sample numbers were 
removed with a scalpel and the specimens were washed with 
distilled water.  Specimen #1 was determined to be in the 
best condition and was cut in half along its longitudinal 
axis with a diamond saw (Figure III.1). 
The two halves of specimen #1 were cleaned in an 
ultrasonic bath for 10 minutes and thoroughly rinsed with 
ultra pure water.  The two halves were then dried in a 
clean air bench.  The other specimens were not placed in 
the ultrasonic bath to avoid disintegration along the 
network of existing cracks in each specimen. 
One half of specimen #1 had four samples of enamel 
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removed starting at the distal end and moving to the 
proximal end (Figure III.2). This material and the intact 
half of specimen #1 were dissolved with 1 to 2 mL of 2.5 
molar (N) Hydrochloric Acid (HCl) in PFA beakers. 
The other specimens were immersed for 30 minutes in 1 N 
acetic acid to remove superficially attached carbonate.  
The specimens were rinsed repeatedly with ultra pure water.  
The specimens were then dried in a clean air bench.  A 
scalpel was used to remove 1 to 3 mg of enamoloid.  The 
retrieved material was then transferred to PFA beakers 
where it was dissolved with 1 to 2 mL of 2.5 N pure HCl. 
After all specimens were dissolved, the Sr was extracted 
using quartz glass columns filled with 2.5 mL of ion 

































The NIST (NBS) 987 and the USGS EN-1 standard were used 
as a control group and as reference material.  The USGS EN-
1 represents the Sr isotope ratio of modern seawater.  The 
USGS EN-1 was used for information about the external 
reproducibility of the complete analytical procedure 
(including the chemical treatment and the mass-
spectrometry).  The NIST (NBS) 987 is a purified Sr 
solution.  Its data was used for the internal 
reproducibility of the Sr mass-spectrometry.  Both control 
samples were subjected to the same analytical procedure and 
Sr separation process as the shark teeth specimens. 
The extracted material and standards were then measured 
using a Finnigan MAT 262 multicollector TIMS.  All Sr 
samples and standards were measured on Re single filaments 
applying approximately 2 µL of loading solution.  The Sr 
isotope ratios were collected using 3 of 7 Faraday-cups in 
“peak jumping mode”.  The peak-jumping mode was chosen to 
compensate for the time-dependent change of the Faraday-cup 
efficiency. 
The concern about Rb contamination of the measured Sr 
values was alleviated in the following manner.  The mass of 
85Rb was monitored during all measurements but no Rb 
correction was performed.  In contrast to Sr, Rb is subject 
to massive thermal fractionation at comparable filament 
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temperatures.  Therefore the actual 85Rb/87Rb ratio cannot be 
detected during Sr measurement.  All samples with 85Rb 
levels above the detection limit (background noise of the 
Faraday collector) were rejected and the sample preparation 
was repeated.  The average absolute blank for Sr (including 
chemicals, ion-exchange resin, and loading blank) did not 




















 The data obtained from the analysis of the teeth had 
to be first normalized with respect to the reference 
material.  The method chosen for the teeth in this thesis 
was to subtract the difference between the accepted and 
measured value for the standard from the ratio measured for 
the samples.  In this case the standard used was the NBS 
987.  The accepted value for this material is 0.710248.  
The measured value for the NBS (NIST) 987 is 0.710211.  The 
difference between the two is 0.000037.  This difference 
was then subtracted from the ratios obtained from the 
samples.  Table III.1 shows the samples with their measured 
values, the correction, and their normalized values.  There 
is no specimen 8 because of a mislabeling of the specimens 
before they were shipped to Germany for analysis.  Specimen 
1 also has four parts because sections of that tooth were 
used to verify that the enamel material of the tooth is 
more durable and less prone to alteration than the dentine 












Specimen Measured Correction Normalized 
1 0.710574 0.000037 0.710537 
1a 0.710735 0.000037 0.710698 
1b 0.710774 0.000037 0.710737 
1c 0.711120 0.000037 0.711083 
1d 0.711442 0.000037 0.711405 
2 0.709484 0.000037 0.709447 
3 0.708962 0.000037 0.708925 
4 0.709676 0.000037 0.709639 
5 0.709206 0.000037 0.709169 
6 0.709511 0.000037 0.709474 
7 0.709882 0.000037 0.709845 
9 0.709282 0.000037 0.709245 
 



















 The outside enamel of a tooth is the most reliable in 
terms of resistance to alteration.  Four samples were taken 
from one half of specimen 1.   Sample 1a was taken from the 
outside edge of the enamel or the least porous part of the 
tooth.  Progressing toward the center of the tooth, samples 
1b, 1c, and 1d were removed.  The 87Sr/86Sr value for each 
sample is shown in Table III.1.  As you can see, the values 
increase toward the center of the tooth.  The same increase 
in value toward the center of the tooth has been found in 
Becker’s (1999) research.  So the data from the teeth 
analyzed in this thesis follows the trend identified in 
other shark teeth. 
The data from the teeth was compared with information 
from limestones and mollusk shells of the same age as the 
Ames Limestone (Denison et al, 1994).  Figure IV.1 is a 





























Figure IV.1: Sr Ratios of Limestones, 






The horizontal line running thru the data points for 
the limestones and shells is the accepted value for the Sr 
ratio for the Virgilian Epoch of the Pennsylvanian Period 
(Veizer, 1989).  This is the same age as the teeth.  As it 
demonstrates, the data for most of the rocks and shells 
falls on or near the accepted value.  This indicates that 
the data coming from these rocks and shells fits the 
observed values for similar materials from other locations.  
This supports the idea that reliable isotope information 
can be obtained from the rocks. 
However, the values for the P. ohioensis teeth fall 
well above both the average for the time and the limestones 
and shells.  There are two possible explanations for the 
high values seen in the teeth.  The first is that the teeth 
have been altered post-burial and the information contained 
in them is contaminated.  The second explanation is that 
the teeth represent near-shore, brackish, or even 
freshwater values indicating that these sharks lived in an 
environment different from what is currently thought. 
As for the teeth being altered, this author does not 
think that is a viable possibility.  As mentioned earlier, 
teeth are composed mainly of Apatite.  The solubility of 
Apatite was shown to be orders of magnitude less than that 
of the Calcite that would be found in the limestones and 
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mollusk shells.  Some of the limestones were actually from 
the same area as the teeth used in this thesis and those 
values are similar to what has been measured in other 
locations.  If the teeth had been altered then the rocks 
and shells should have been altered as well. 
As mentioned in section III, P. ohioensis has been 
labeled as a marine organism since the rocks it has been 
found in are interpreted as being open marine and most 
sharks are marine. The Sr ratios found in this research are 
more characteristic of brackish / freshwater values than of 
open marine ones.  This would indicate that P. ohioensis 
was living there and feeding on organisms from brackish / 
fresh water environments. 
There is also circumstantial evidence that the 
Petalodontids are closely related to the orders of shark 















 This paper began by trying to show whether reliable Sr 
ratio information could be obtained from shark teeth that 
were approximately 290 million years old, but evolved into 
opening the door to change the interpretation of at least 
one species of shark. 
 The Sr ratio information from the teeth appears to be 
reliable.  The teeth do not show any conclusive evidence 
that alteration has occurred because the rocks associated 
with the teeth fit the accepted value for the time period. 
 It would seem that there is evidence for P. ohioensis 
being a brackish / fresh water tolerant shark since this is 
the most logical and simple explanation for the high Sr 
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